ABSTRACT. Objectives. In a community sample of children aged 3 to 4 years with previous infant sleep problems, we aimed to 1) establish proportions with recurring, persisting, and resolving sleep problems; 2) identify early predictors of later sleep problems; and 3) identify comorbidities of persistent or recurrent sleep problems at age 3 to 4 years. 
B
etween 36% 1 and 45% 2 of Australian parents report a problem with their infant's sleep in the second 6 months of life. Despite the prevalence of infant sleep problems and their associated morbidities, [2] [3] [4] [5] [6] [7] few studies have examined the natural history of early infant sleep problems. [7] [8] [9] These few have suffered from small sample sizes 8, 9 or followed infants with severe sleep problems only. 7, 9 Only 1 study has sought to identify predictors of persistent sleep problems and found that maternal depression in infancy was associated with persistent sleep problems in the preschool years. 7 No study has examined family functioning or maternal well-being once an infant with a sleep problem has reached the preschool age. We do not know whether families of infants with sleep problems experience ongoing stress, discord, or maternal depression. [2] [3] [4] 6, 7 Data about the natural history of sleep problems and their consequences could be useful for health professionals who counsel parents about the likely outcomes for their child with sleep problems.
Several randomized, controlled trials have shown that infant sleep problems are amenable to treatment with behavioral interventions in the short term. 8, 10, 11 However, little is known about the efficacy of behavioral intervention beyond 4 months and whether such interventions are used by parents for subsequent children with sleep problems.
In 1998, we conducted a randomized, controlled trial of a simple, behavioral infant sleep intervention (the Infant Sleep Study) that led to significant reductions in infant sleep problems and maternal report of depression symptoms 4 months later. 10 In 2001, when the children were aged 3 to 4 years, we followed the participants of the earlier trial, all of whom had sleep problems at entry to the Infant Sleep Study. We aimed to 1) establish proportions of children with recurring, persisting, and resolving sleep problems; 2) identify early predictors of later sleep problems; and 3) identify whether persistent or recurrent sleep problems at age 3 to 4 years are associated with comorbidities such as child behavior problems, maternal depression, and poor family functioning.
METHODS

Design
This study comprised a follow-up survey of a group of mothers who, 3 years earlier, had participated in a community-based, randomized, controlled trial (n ϭ 156) of a brief sleep intervention designed to improve both infant sleep and maternal well-being (the Infant Sleep Study). 10 The mother-infant pairs were recruited from a large community survey in 3 middle-class local government areas in Melbourne, Australia, which has been described in detail elsewhere. 2 Briefly, mothers who reported a problem with their infant's sleep were randomized into a control group (given written information about normal sleep) or intervention group (behavior management). Behavior management consisted of standard sleep strategies such as controlled crying, "camping out," and phasing out sleep associations such as the use of a pacifier or frequent night feeds. 10 At follow-up, intervention mothers reported significantly fewer infant sleep problems and depression symptoms than control mothers, particularly those mothers who were depressed at recruitment. 10 When their children were aged 3 to 4 years, all mothers who had taken part in the Infant Sleep Study were mailed an invitation to participate, a study information sheet, and the written study questionnaire. A second questionnaire package was sent to mothers who had not returned the first package after 1 month.
Measures
Baseline (6) (7) (8) (9) (10) (11) (12) Mothers recorded details of their child's sleep over the past 2 weeks and whether they considered their child's sleep to be a problem; if yes, then mothers rated its severity on a 7-point visual analog scale. Maternal symptoms of depression were assessed using the Edinburgh Postnatal Depression Scale (EPDS), a 10-item scale with scores ranging from 0 to 30. Scores Ն10 and Ͼ12 indicate probable depression in community and clinical samples, respectively. 12, 13 Mothers rated their stress levels (1 ϭ "no problems or stresses" to 5 ϭ "many problems and stressful") and coping (1 ϭ "extremely well" to 5 ϭ "not at all") on global 5-point scales. 14 Two additional questions assessed limits on daily functioning as a result of maternal emotional or physical health problems (adapted from a generic health measure, the SF6).
Outcome (3-4 Years)
Mothers recorded details of the same child's sleep details over the past 2 weeks and whether they considered their child's sleep to be a problem. If the child's sleep was a problem, then mothers rated its severity on the same 7-point visual analog scale used at 6 to 12 months. Intervention mothers were asked whether they had used sleep strategies taught in the Infant Sleep Study for their child or any additional children who may have developed sleep problems. All mothers were asked whether they had sought extra help for their child's sleep problem. Mothers again completed the EPDS and rated stress, coping, and daily functioning.
The Child Behavior Check List (CBCL; for ages 1.5 to 5 years) was used to quantify behavior issues. It has been validated to detect clinically significant internalizing and externalizing child behavior traits. 15, 16 Factors potentially associated with child sleep and behavior problems were assessed, including marital satisfaction (measured by the single-item version of the Dyadic Adjustment Scale) 17 and parenting (measured by 3 study-designed, 4-point global scales addressing day-to-day behavior, sleep issues, and parent cooperation). Family functioning was measured by the General Functioning Scale section of the McMaster Family Assessment Device. Mean scores of 2.0 or more on this 12-item validated scale are considered indicative of unhealthy family functioning. 18, 19 Ethics approval was obtained from the Ethics in Human Research Committee of the Royal Children's Hospital, Melbourne, Australia.
Analyses
Proportions of children with recurrence, resolution, and persistence of sleep problems were calculated. Current sleep problems (yes/no) and maternal depression scores were compared between those who originally were in the intervention and control groups. Outcome measures were compared between children with and without a sleep problem at outcome. Two logistic regression models were designed to 1) determine significant early (6 -12 months) predictors of sleep problems at 3 to 4 years, controlling for group membership, and 2) determine significant concurrent correlates of sleep problems at 3 to 4 years. Categorical data were compared with 2 test, whereas continuous 2-group comparisons were made with 2 sample t tests or Mann Whitney U tests as dictated by data distributions. All data were analyzed with Stata, Version 6.0 (Stata Corp, College Station, TX).
RESULTS
Sample Characteristics
A total of 114 of the 156 mothers from the original Infant Sleep Study completed the survey, a response rate of 73%. The mean age of mothers was 37 years (standard deviation: 4; range: 28 -51). The majority of the mothers were employed (52%) and were married or in a de facto relationship (94%) with partners who were employed (97%). The mean age of the children was 43 months (standard deviation: 4; range: 36 -51), 57% were male, and 88% of families had 2 or more children.
There was no significant difference between responders and nonresponders in the initial severity of their child's sleep problem, initial EPDS score, presence of a sleep problem at the end of the Infant Sleep Study, maternal employment status, or the number of children in the family. However, nonresponders were more likely to be from the control than intervention group of the Infant Sleep Study ( 2 ϭ 4.69; P ϭ .03).
Sleep Patterns
Night waking at 3 to 4 years of age continued to be common. Seventy-eight percent of mothers reported that their child awoke overnight at least once during the week, and of these waking children, 43% (38 of 89) were reported to awake 4 or more nights per week. Mothers most often responded to their child overnight (53%); in only 7% of cases did no one respond to the child overnight (Table 1) .
Persistence, Resolution, and Recurrence of Sleep Problems
Despite the prevalence of night waking, just 32% (36 of 114) of mothers reported a current problem with their child's sleep. Of these, 49% rated the severity of the sleep problem as being Ն4 out of a possible 7 (Table 1) . Forty-seven percent of all mothers reported that their child had had additional problems with sleep since completing the Infant Sleep Study.
Twelve percent (14 of 114) of children had a persistent sleep problem, ie, had a sleep problem both at the end of the Infant Sleep Study and at the time of this survey. Of these children, 57% of mothers rated the severity of their sleep problem as being Ն4 out of a possible 7.
Nineteen percent of children (21/113 as 1 mother completed this survey but not the questionnaire at the conclusion of the Infant Sleep Study) had recurrent sleep problems, ie, had no sleep problem at the e204 OUTCOMES OF INFANT SLEEP PROBLEMS conclusion of the Infant Sleep Study but were reported to have a sleep problem at the time of this survey. Of these children, 38% of mothers rated the severity of their sleep problem as being Ն4 out of a possible 7.
Of the 78 (68.5%) children in the original study who were not perceived to have a sleep problem at follow-up, 12% (9 of 78) were in fact awaking 4 or more times per week. There was no significant difference in the prevalence of perceived sleep problems in the children of the original intervention versus control group (36% vs 26%, 2 ϭ 1.3, P ϭ .3).
Use of Sleep Strategies
Of the mothers who had reported a problem with their child's sleep, 58% (31 of 53) of mothers from the original intervention group reported using sleep strategies taught during the Infant Sleep Study for ongoing management of their child's sleep behavior. Of the mothers who had Ͼ1 child, 53% (54 of 101) reported that they had other children with sleep problems. Of these 54 mothers, 30 had been in the intervention group in the Infant Sleep Study and 75% of them reported that they had used the sleep strategies learned from the Infant Sleep Study for their other children.
Factors Associated With Persistent Sleep Problems
In the logistic regression models, no infant, maternal or family factors from the original Infant Sleep Study (conducted when the children were aged 6 -12 months) predicted the presence of sleep problems at the age of 3 to 4 years. Current sleep patterns associated with a sleep problem included frequent night waking (P Ͻ .0001) and requiring the presence of an adult to nurse the child to sleep (P ϭ .003). Neither the presence of daytime napping, male gender or where the child spent most of the night were associated with maternal report of a sleep problem.
Child Behavior
The mean CBCL scores obtained for all individual subscales were close to mean values for the normative sample, as were the mean summary scores for internalizing and externalizing behavior. 15 With the exception of the Sleep Problems subscale, the maximum values obtained all were below the clinically significant cutoff of the 98th percentile. Although not reaching the clinically significant cutoff, children with sleep problems had significantly higher mean scores on Internalizing and Externalizing Behavior and the Aggressive Behavior and Somatic Problems subscales of the CBCL than children without sleep problems (Table 2) .
Maternal Well-Being
Twenty-seven percent of mothers scored Ն10 on the EPDS, and 16% scored Ͼ12. This is similar to the prevalence (15.4%) in a representative sample of mothers in the same Australian state. 20 There was no significant difference in the median EPDS scores for mothers who had received an intervention during the Infant Sleep Study and the mothers in the control group (7 vs 5.5, z ϭ 0.62, P ϭ .54).
Mothers of children with sleep problems at 3 to 4 years had higher median EPDS scores (8 vs 5; P ϭ .008; 95% confidence interval: Ϫ4.5-0.7), reported more limitations of daily functioning as a result of physical health problems (P ϭ .03), and reported that their partner undermined their management of their child's behavior (P ϭ .04). Mothers of children with and without sleep problems did not differ in how they were coping, their stress, their family functioning, or their marital satisfaction (Table 2) .
DISCUSSION
This is the first study to examine the long-term outcomes of sleep problems in a community sample of infants, together with the long-term impact of a behavioral sleep intervention on infant sleep problems. Sleep problems were identified in approximately one third of the 3-to 4-year-old children surveyed, all of whom had had significant sleep problems as infants. These children at 3 to 4 years were more likely to need an adult to nurse them to sleep. They also had higher Internalizing and Exter- nalizing Scores and Aggressive Behavior and Somatic Problems subscale scores of the CBCL than children without sleep problems. Their mothers had higher EPDS scores as well as difficulties with their partner undermining the management of their child. Despite this, the children and their families were generally functioning well, and 69% of mothers reported that their child's sleep problem had resolved from infancy. The resolution of sleep problems in children who had received an infant sleep intervention was similar to those who had not. Thirty-two percent of our cohort had sleep prob- 
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lems at 3 to 4 years, slightly lower than the 41% reported in another longitudinal study of 308 infants. 7 However, in that study, no behavioral intervention was offered and persistence of a sleep problem might therefore be more likely. 7 We were interested in the generalizability over time of the behavioral interventions taught during the Infant Sleep Study. Of the mothers who were in the intervention group and had another child with sleep problems, 75% were able to use the sleep strategies learned from the Infant Sleep Study to manage these problems. We could find no other study that reported on generalizability of sleep behavior interventions.
Our study also explored the relationship among child sleep problems and maternal well-being, family functioning, and child behavior. Maternal depression has been repeatedly associated with sleep disturbance in childhood, 7, 21 and in at least 1 study, it predicted persistent child sleep problems. 7 In contrast, maternal EPDS score at age 6 to 12 months did not predict sleep problems at the age of 3 to 4 years in this study. However, current maternal EPDS score was significantly higher in mothers who had children with a sleep problem. This suggests that high EPDS scores may be a consequence rather than a cause of childhood sleep problems. Previous studies have suggested that children with sleep problems are more likely to display more externalizing behavior problems. 4 Although a similar pattern was seen in our cohort, the severity of externalizing behavior problems in children with persistent sleep problems did not fall into the clinical range. 5 The strengths of this study include the prospective nature of the data collection. The high response rate (73%) in this sample suggests that our results are likely to be representative of a middle-class Australian population. Response bias was likely to be minimal as mothers who did not respond were no more likely to be depressed or report more severe infant sleep problems at baseline than mothers who did respond. However, because data were collected from middle-class families, results of this study may not generalize to a wider population. Mothers reported on child sleep, child behavior, and their own wellbeing. Although depressed mothers may be more likely to perceive their child as having difficulties with sleep, this was not evident in our previous community sample (n ϭ 738). 2 In fact, child sleep patterns were identical for problem sleepers whether they were reported by depressed or nondepressed mothers. 2 Despite the high incidence of night waking in our cohort, families and children are generally functioning well. Most sleep problems do resolve, but almost 1 in 5 will return. This may be because the nature of the sleep problem may have changed such that the sleep strategies taught in the original study may no longer be appropriate. Alternatively, "booster sessions" may be required to maintain treatment effects. Therefore, families should be encouraged to generalize the use of simple sleep strategies to other children when appropriate or seek additional help if sleep problems recur.
